Objective To investigate the correlates of the double burden of malnutrition (DBM) results Compared with normal weight women, number of years of formal education was associated with the likelihood of being overweight and obese in Ghana, Mozambique and Nigeria, while associated with the likelihood of being underweight in Kenya and Nigeria. Older age was associated with the likelihood of being underweight, overweight and obese in all countries. Positive associations were also observed between living in better-off households and overweight and obesity, while a negative association was observed for underweight. Breastfeeding was associated with less likelihood of underweight in DRC and Nigeria, obesity in DRC and Ghana, overweight in Kenya and overweight and obesity in Mozambique and Nigeria relative to normal weight. Conclusions Our analysis reveals that in all the countries, women who are breastfeeding are less likely to be underweight, overweight and obese. Education, age and household wealth index tend to associate with a higher likelihood of DBM among women. Interventions to address DBM should take into account the variations in the effects of these correlates.
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IntrODuCtIOn
The double burden of malnutrition (DBM), which is the coexistence of both undernutrition and overnutrition in the same population across the life course, ,1 2 is a global public health problem. 1 2 Data from the WHO indicate that in 2014, 1.9 billion adults aged 18 years and above were overweight, while over 600 million were obese globally. 1 Similarly, in the same year, 462 million adults were underweight and 264 million women of reproductive age were affected by iron-amenable anaemia. 2 3 These key indicators of DBM are also increasing globally, with the low-income and middle income countries (LMICs) being the most affected. 4 For example, while globally, obesity has doubled in the last three decades, it has tripled in LMICs in just two decades. 5 An analysis of survey data from 24 African countries spanning 25 years revealed that overweight and obesity among women are on the rise. 6 Also, comparative analysis of data on women and men in the LMICs showed that DBM tends to disproportionately affect women than men. 7 8 The vulnerability of women to DBM may be attributed to their high nutritional requirements for pregnancy and lactation and also because of gender inequalities in poverty. 8 Further evidence suggests that if micronutrient deficiencies are taken into account, Africa is in fact experiencing a triple burden of malnutrition. 2 3 It has been estimated that almost 50% of pregnant women in Africa suffer from anaemia, which increases the risk of death for themselves as well as their unborn babies. 2 strengths and limitations of this study ► Large nationally representative samples used, thereby providing more robust estimates of observed associations. ► The height and weight data used to compute the body mass index were objectively measured, reducing possible misclassification. ► Use of multicountry data helped unmask differences and commonalities in the effects of the correlates on double burden of malnutrition (DBM) across countries. ► The use of cross-sectional surveys may not allow to establish causation. ► Due to data limitation, the DBM was examined only at the population or national level.
Open access
Furthermore, the contribution of DBM to the burden of disease has been documented. The available evidence suggests that underweight and obesity are among the top 10 leading risk factors for the global burden of disease. 9 10 Furthermore, more recent WHO data have identified underweight among the top four risks factors for the burden of disease in the world, as measured in disability-adjusted life years (DALYs)-contributing up to 6% of global DALYs. 10 The relationship between maternal and child weight and the consequences on disease incidence later in life have also been documented. For example, being overweight as a mother is associated with overweight and obesity in their offspring. 2 11 Rapid weight gain early in life may predispose to long-term excessive weight or obesity. And as the evidence suggests, obesity is an important underlying cause of many non-communicable diseases (NCDs), including hypertension, diabetes, cancer, stroke and ischaemic heart disease. 3 5 11 These diseases are responsible for most of the deaths worldwide, with LMICs disproportionately bearing the brunt, where 80% of the NCD deaths occur. [2] [3] [4] Experts warned that unless countries in Africa start enacting measures to tackle the DBM affecting the continent, the road towards universal healthcare (UHC) will be marred with obstacles as will the aspiration to achieve health and well-being for all by 2030. 12 It is important to underscore that DBM can exist at the individual, household and population levels. 2 For instance, at the individual level, obesity can occur with deficiency of one or various vitamins and minerals, or overweight in an adult who was stunted during childhood. At the household level, a mother may be overweight or anaemic and a child or grandparent is underweight. DBM at the population level occurs when there is a prevalence of both undernutrition and overnutrition in the same community, nation or region. 2 Since it will be difficult to determine individual and within households DBM using these data, our definition of DBM is at population or country level, whereby underweight and overweight/ obesity co-exist in the same country. Undoubtedly, the DBM offers an important opportunity for use of multidimensional approaches in tackling malnutrition in all its forms. Addressing the DBM will be key to achieving the Sustainable Development Goals (in particular Goal 2 and Target 3.4) and the Commitments of the Rome Declaration on Nutrition, within the UN Decade of Action on Nutrition.
1 However, as a starting point, countries need to understand the key correlates of DBM. The present paper attempts to elucidate these correlates.
The factors influencing DBM are complex, ranging from biological to environmental factors. 2 Some of these factors may include poor water and sanitation systems, weak public health systems thereby thwarting efforts to reduce undernutrition. 2 Also, increasing urbanisation and changing dietary patterns and sedentary lifestyles, income level, older age, household wealth, higher education, place of residence among others have been identified as key contributing factors to the DBM epidemic. [13] [14] [15] [16] For example, Kamal and colleagues observed in their study that household wealth index and place of residence are key predictors of the DBM among women in Bangladesh. 17 Women from the poorest wealth quintile were more likely to suffer from DBM relative to those from the richest wealth quintile. Besides, marital status, age at first childbirth, parity, household size and food security were also found to play a critical role in the DBM epidemic.
14 17 18 The above-referenced studies used data from a single country, masking differences and commonalities of the effects of the correlates on DBM across countries. Suffice to add that Neupane and colleagues 19 attempted to investigate the problem of DBM using data sets from 32 sub-Saharan African (SSA) countries. This study, however, fell short of addressing DBM as it focused only on overweight and obesity. Second, the referenced study used only three variables (wealth quintile, place of residence and education) to predict overweight and obesity. The present study filled these gaps by simultaneously analysing underweight, overweight and obesity, using a comprehensive list of predictor variables, to provide a robust picture of the correlates of DBM in SSA.
Given the anticipated long-term effects of DBM, the factors that are associated with being underweight, overweight or obese should be considered while formulating effective interventions to address DBM among women. 15 16 This stresses the need for prevention strategies targeted at addressing all forms of malnutrition. The present study is well positioned to provide evidence on the key correlates of DBM in SSA, which is currently lacking in the region. Understanding the role of these risk factors is key to developing clear and effective strategies for improving public health in SSA. The overarching aim of our study is to examine the correlates of DBM among women in five SSA countries. (2013) (2014) . The selection of these five countries was informed by our previous analysis. 22 The DHS data are nationally representative, repeated cross-sectional household surveys collected primarily in LMICs approximately every 5 years, using standardised questionnaires to enable cross-country comparisons. 23 24 The design of the DHS surveys is identical across all participating countries, making possible the comparisons between and across countries. The DHS utilises a two-stage sample design. 21 25-28 The first stage involves the selection of sample points or clusters from an updated master sampling frame constructed from National Population and Housing Census of the respective countries. The clusters are selected using systematic sampling with probability proportional to size.
Household listing is then conducted in all the selected clusters to provide a sampling frame for the second stage selection of households. The second stage of selection involves the systematic sampling of the households listed in each cluster and households to be included in the survey are randomly selected from the list. The rationale for the second stage selection is to ensure adequate numbers of completed individual interviews to provide estimates for key indicators with an acceptable precision. All men and women aged 15-59 and 15-49, respectively, in the selected households (men in half of the households) were eligible to participate in the surveys if they were either usual residents of the household or visitors present in the household on the night before the survey. We limited our analyses to women aged 15-49 years in all countries and who have complete anthropometry data. The samples for the respective countries are as follows: DRC (9506), Ghana (3012), Kenya (9993), Mozambique (11017) and Nigeria (31 170).
ethICs stAteMent
The DHS obtained ethical clearance from Government recognised Ethical Review Committees/Institutional Review Boards of the respective countries as well as the Institutional Review Board of ICF International, USA, before the surveys were conducted. Written informed consent was obtained from the women before participation. The authors of this paper sought and obtained permission from the DHS programme for the use of the data. The data were completely anonymised and therefore the authors did not seek further ethical clearance before their use.
PAtIent AnD PublIC InvOlveMent stAteMent
We used completely anonymised secondary data for the analysis. Therefore, no patients or public involvement can be reported.
Outcome and predictor variables Outcome variables
The outcome variable of interest was women body mass index (BMI) derived from results of height and weight measurements. The height and weight were measured objectively by trained field technicians using standard techniques. 24 Weight measurements were taken using electronic Seca scales with a digital screen, while height measurements were taken using a stadiometer produced by Shorr Productions. BMI, also referred to as Quetelet's Index, 29 was derived by dividing weight in kg by the squared height in metres. 
Predictor variables
The predictor variables of interest used in the analysis included, women's age, education, employment status, breastfeeding status, parity, place of residence, marital status, women decision making autonomy (decision on large household purchases and decision on health), household size, frequency of watching TV and household wealth index. These potential correlates were identified based on literature search and further subjected to bivariate analysis to establish their relationship with the DBM indicators. All statistically significant variables were included in the multivariable analysis.
Analytical strategy
We utilised multinomial logistic regression (MLR) in the analysis. MLR approach was contemplated to be suitable as the outcome measure is polychotomous by nature. Further, the MLR was considered attractive analytical technique because it does not assume normality, linearity, or homoscedasticity. 31 In MLR, we observe vectors Y=(y 1 , y 2 ,…, y k+1 )
T ; y i =0 for all i, and one j with y j =1 and corresponding probability p j , implying
The multinomial logistic regression is given by Open access
where
T is the vector of covariates, and Π (i) is the parameter vector corresponding to the i-th response category. In Equation (3), the parameters are set to zero and allows computing the probability for the base category in the MLR.
Because of the normalisation condition,
the weight vector of one of the classes need not to be estimated without loss of generality, in this case the (j+1)-th category. To perform maximum likelihood (ML), Open access one simply maximises the log-likelihood function using Equation (5),
The MLR model was constructed to investigate the net effects of the correlates on underweight, overweight and obesity. Using a BMI category of 18.5-24.99 kg/ m 2 (normal weight) as the reference, a set of logistic regressions for underweight, overweight and obese categories was estimated in which, each of the categories was contrasted with the reference category. All covariates were simultaneously entered into the model. Results were presented in the form of coefficients with significance levels and 95% CI. Open access five countries, Mozambique had the highest number of normal weight women (78%) followed by DRC (74%), with Ghana having the lowest (59%). Kenya (12%) and DRC (13%) had the highest prevalence of underweight women, while Ghana had the highest number of overweight (23%) and obese (12%) women. In all the countries analysed, the prevalence of overweight and obesity had overtaken underweight. In table 2, women in Kenya had more years of education, while Mozambique had women with the least years of education. The age of study participants was similar across all the five countries and ranged from 28 years in Mozambique and Kenya to 30 years in Ghana. Further, among all the countries, Ghana had the highest number of women who were working (79%), while Mozambique had the lowest (39%).
Multivariable
The tables 3-7 present the MLR results of the correlates of DBM among women in DRC, Ghana, Kenya, Mozambique and Nigeria. The results showed a significant positive relationship between women's years' of education and overweight in Ghana, both overweight and obesity in Mozambique and 
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Nigeria. Thus, compared with normal weight women, an additional year of education was associated with a higher likelihood of overweight and obesity in Ghana, Mozambique and Nigeria. Conversely, number of years of education was associated negatively with underweight in Kenya and Nigeria relative to normal weight. Also, older age was significantly and positively associated with underweight, overweight and obesity compared with normal weight women in all countries included in the analysis. An exception could be made of Nigeria where older age was inversely related to underweight. The results in relation to household wealth index were mixed. While generally, significant positive associations were observed between wealth index (middle, richer and richest quintiles) and overweight and obesity in all the five countries, inverse relationship was observed for underweight. Compared with normal weight women, higher maternal parity was inversely related to underweight in Ghana and Mozambique, and both underweight and overweight in Kenya. In DRC, maternal parity was inversely related to underweight and positively related to obesity. Breastfeeding was associated with less likelihood of underweight among women in DRC and Nigeria, obesity in DRC and Ghana, overweight in Kenya Open access and overweight and obesity in Mozambique and Nigeria relative to normal weight women. The figures 1 and 2 are pictorial presentations of the probability of women falling into underweight, overweight and obese categories if there were changes in their age and years of education.
DIsCussIOn
This study investigated the correlates of DBM among women in five SSA countries. The key indicators of DBM used in the analysis were underweight, overweight and obesity. The results showed expectedly that there are some variations across countries on how the correlates included in this study are associated with DBM. Our analysis reveals that in Ghana, Mozambique and Nigeria, a higher number of years of formal education is associated with the likelihood of overweight and obesity relative to normal weight women. Thus, a higher number of years of education is a risk factor for women with unhealthy weight. This could be due to lifestyles changes as one achieve more years of education, which may include sedentary lifestyles and poor dietary patterns. 32 Further, Open access it could be that people who are already overweight or obese have higher propensity of adding more weight relative to those who have normal weight. In contrast, there was an inverse relationship between the number of years of formal education and underweight in Kenya and Nigeria. These findings are in line with previous studies. In Ghana, higher education was associated with overweight and obesity among women. 33 Additionally, high education was associated positively with overweight among women in Indonesia. 34 Nevertheless, in the same study, high education was associated with reduced risk of being underweight by 10%-30%. 34 This is contrary to our findings in Kenya and Nigeria.
Furthermore, age was associated positively with all the DBM indicators across the five countries. Thus, older women are more likely to be overweight and obese and less likely to be underweight. This suggests that older age is a protective factor for underweight, while a risk factor for overweight and obesity. This positive correlation between age, overweight and obesity may have a consequential effect on non-communicable diseases (NCDs) among older people, as an unhealthy weight is a major Open access risk factor for NCDs. [35] [36] [37] [38] An exception to these findings could be made of Nigeria where older age was associated negatively with underweight women. This implies that in this setting, the older women become the more likelihood that they will suffer from underweight. The consequential effect of this may be poor health outcomes, as being underweight exposes women to higher risks of morbidity and mortality during pregnancy and child birth. [39] [40] [41] The relationship between age and DBM has been documented in previous studies. For example, Doku and Neupane observed a significant positive association between age and the key indicators of DBM in Ghana. 33 A study in Bangladesh observed a significant positive relationship between older age and DBM. 42 These findings together with the findings from our study confirmed the contribution of age to the DBM epidemic.
Our analysis showed that household wealth index had mixed effects on DBM. In general, the three rich quintiles: middle, richer and richest were associated significantly and positively with overweight and obesity among women across all the countries included in the analysis. This may be due to obesogenic effects of increased household wealth as dietary pattern changes, 43 and the fact that there is a documented positive correlation between household wealth and unhealthy body weight. 44 45 In Bangladesh and Nepal, higher household wealth was associated with an increased likelihood of being overweight and obese. 44 Also, being rich was associated with overweight and obesity among Ghanaian women. 33 Interestingly, higher household wealth had an inverse effect on underweight. This inverse relationship may be due to the fact that most underweight women are likely to be in the poorer wealth quintiles 46 and, therefore, may be unaffected by the higher household wealth quintiles. The inverse relationship has been observed previously. 47 Relatedly, compared with the richest, women from the poorest households were significantly most likely to be underweight and least likely to be overweight over normal weight in Bangladesh. 17 Suggesting that being in the poorest household is protective against overweight but not underweight. 46 The health benefits of breastfeeding were illuminated in this study. Breastfeeding was found to associate with less likelihood of underweight, overweight and obesity in the five countries analysed. This suggests that mothers who have unhealthy weight should be encouraged to practice breastfeeding as the benefits are not only to their offspring but also for their own health and well-being. These findings confirm the widely recognised benefits of breastfeeding for improved health and developmental outcomes in mothers and their infants. [48] [49] [50] [51] The implication of this may be that interventions to promote breastfeeding may have positive impact on the DBM epidemic at the national level. The benefits of breastfeeding to women health have previously been documented. For example, breastfeeding has been suggested as an efficient means of Figure 1 Graphical Illustration of the results of the probability of falling into the double burden of malnutrition categories when years of education increase.
Open access promoting postpartum weight loss due to its high energy cost. 52 Further evidence suggest that at 12-weeks postpartum, exclusively breastfeeding (EBF) mothers had lost more total body weight than mixed feeding mothers. However, mixed feeding mothers lost slightly more per cent body fat than exclusively breastfeeding mothers. 52 The authors concluded that EBF promotes greater weight loss than mixed feeding among mothers even in the early postpartum period. Several other studies have shown that EBF influences postpartum weight loss. [51] [52] [53] [54] The preceding discussion points to the need for health policymakers to design programmes to encourage mothers to breastfeed, especially, practice exclusive breastfeeding as a means of DBM prevention.
An important strength of our study is the use of large nationally representative samples, thereby providing more robust estimates of observed associations as well as enhancing the generalisability of the findings. The use of multicountry data help unmask differences and commonalities in the effects of the correlates on DBM across countries, which would not have been possible with single country data. Additionally, the height and weight data which were used to compute the BMI were objectively measured, reducing possible misclassification. A limitation worth mentioning is the cross-sectional nature of the data, which does not lends itself to the establishments of causal relationship between the predictor and outcome variables. The conclusions in the paper are therefore interpreted as mere associations between the predictor variables and the outcome variable. Another limitation is that due to data limitation, we were not able to examine DBM at the individual and within households. The analysis and interpretation in this paper are therefore limited to DBM at population or national level, whereby underweight, overweight and obesity coexist in the same country.
COnClusIOns
The study investigated the correlates of the DBM in five SSA countries. The analysis revealed that the effects of the correlates on DBM are largely similar across countries, except in few cases where there were disparities in the effects. The results indicate that higher number of years of education increases the likelihood of overweight and obesity among women in Ghana, Mozambique and Nigeria. Conversely, number of years of education is associated negatively with underweight in Kenya and Nigeria. Living in better-off households increases significantly the likelihood of overweight and obesity among women across all countries, while associated with the likelihood of underweight. Interventions to address DBM should take into account socioeconomic status. This may include providing special programmes for women who have unhealthy weight in wealthy households. A unit change in age is also associated significantly and positively with Figure 2 Graphical Illustration of results of the probability of falling into the double burden of malnutrition categories when age increases.
Open access underweight, overweight and obesity in all the countries included in the analysis. Breastfeeding is associated with least likelihood of underweight, overweight and obesity in breastfeeding mothers. This implies that interventions to prevent DBM should incorporate breastfeeding to enhance their effectiveness.
